New images of the Supernova Remnants (SNRs) OA184 and VRO42.05.01 are presented at 408 MHz and 1420 MHz, from the Canadian Galactic Plane Survey (CGPS) data. The SNRs' flux densities at both 408 MHz and 1420 MHz are found and corrected for flux from compact sources within the SNRs. The integrated flux-density based spectral indices (Sν∝ν −α ) are 0.25±0.03 for OA184 and 0.36±0.06 for VRO42.05.01. These agree with the respective T-T plot spectral indexes of 0.23±0.06 and 0.36±0.03. OA184's spectral index is smaller than previously published values. The older flux density values of OA184 from lower resolution data include a contribution from a non-SNR ridge emission region and from compact sources within OA184. Subtracting these contributions results in a spectral index of 0.32±0.06 (38 MHz to 2695 MHz) or 0.28±0.06 (408 MHz to 2695 MHz). Correction of published fluxes for point sources for VRO.42.05.01 results in a spectral index of 0.32±0.05 for 38 MHz to 2695 MHz.
Introduction
The paper is part of a continuing study of supernova remnants spectral index variation.
The radio spectra of the SNRs OA184 and VRO42.05.01 have not been studied before in detail. However, both SNRs basic physical features have been studied in previous research.
Send offprint requests to: D. Leahy and W. W. Tian the top of one strip, and is contaminated from 3 to 5% by the artifact. In the 1420 MHz Effelsberg map of the both SNRs, there does not appear any significant sidelobe effects.
Estimating the SNRs flux densities at each frequency is challenging and important for the study of the radio spectrum. We analyze the images using the DRAO export software package. The influence of compact sources within the SNRs is very much reduced by employing similar methods as in Tian and Leahy (2005) .
Results

Structure at 408 MHz and 1420 MHz
The CGPS images at 408 MHz and 1420 MHz are shown in the upper left and right panels of Fig. 1 . OA184 is in the lower half and VRO42.05.01 is in the upper half of each image. The lower left panel shows the 1420 MHz map which has been convolved to the same resolution as the 408 MHz map prior to source removal. For reference we also reproduce the 2695 MHz Effelsberg map (lower right; Fürst et al., 1990) in Fig. 1 
. The
Effelsberg map has an resolution of 4.3' and a sensitivity of 50 mKT B .
The high resolution 408 MHz image for OA184 is the first published at that frequency. Its large elliptical shell-type outline is clearly seen. Due to the high sensitivity and dynamic range of this data, weak diffuse emission of the eastern part of this low brightness SNR is detected. Compact sources distributed across the face of the SNR area are prominent. One large weak diffuse emission feature just west of OA184 is detected, which has not been reported previously. The 1420 MHz map (expanded view shown in Fig. 2 ) shows both weak eastern and bright western emission features much better than previous observations. The features of OA184 at 408 MHz and 1420 MHz are very similar. The weak diffuse region west of OA184 is also seen clearly at 1420 MHz, with more detail at 1420 MHz than at 408 MHz. This confirms that the new ridge feature is real.
VRO42.05.01 is significantly brighter than OA184. Fig. 1 shows the fainter features at 408 and 1420MHz. Fig. 2 (right) gives the 1420 MHz higher resolution image with larger range of brightness temperature so that more detail can be seen in the bright regions.
The 1420 MHz image best reveals its unusual shape: a northeastern hemispherical 'shell' joined to a much larger southwestern bowl-shaped 'wing'. The brightest parts of the SNR are at the edge of the shell and at the edge of the wing. There is a prominent bridge, not previously noted, along the bottom edge of the shell, seen clearly in Fig. 1 just below the faintest part of the shell interior. The 1420 MHz map in Fig. 2 reveals more diffuse emission than previously seen in both the southeastern and northwestern ends of the wing due to the higher dynamic range of the current data. At 1420 MHz detailed filamentary structure is seen over much of the shell and in the bottom part of the wing region. The 1420 MHz map clearly shows that the boundary between the wing and the shell is aligned parallel to the galactic plane, as described first by Landecker et The first row of images shows the CGPS maps at 408 MHz (left) and 1420 MHz (right).
The second row shows the 1420 MHz map convolved to the same resolution as the 408 
T-T plot Spectral Indices
Bright compact sources effect both integrated flux density for the SNRs and spectral indices, we correct for the effects of compact sources below. Table 1 lists properties of the 20 brightest compact sources which are detected within OA184 and VRO42.05.01 at both frequencies.
First we discuss spectral indices between 408 MHz and 1420 MHz are based on the T-T plot method. The principle of the T-T plot method is that spectral indices (T ν =T o ν −β ) are calculated from a fit of a linear relation to the T 1 -T 2 values of all pixels within a given map region. T 1 is the brightness temperature of a map pixel at one frequency and T 2 is for the second frequency. The brightness temperature spectral index β is derived from the slope of the curve. The flux density spectral index α (S ν ∝ν −α ) is related to β by β=α+2. Spectral index refers to flux density spectral index α in this paper unless specifically noted otherwise. The T-T plot method has been widely used for spectral index calculation (e.g., Zhang et al., 1997; Leahy and Roger, 1998) .
For the T-T plot analysis, first a single region for the whole of each SNR is used, as shown in Fig. 1 . These two regions yield the T-T plots shown in Fig. 3 : for OA184 in the top row and for VRO42.05.01 in the bottom row. Three cases are considered: using all pixels including compact sources; using all pixels after subtracting Gaussian fits to the compact sources from the images; and excluding compact sources. For OA184 the compact sources are bright compared to the SNR emission. Since the compact sources have a steeper spectrum than the SNR, they are seen in the T-T plot ( Fig. 3 The effects are not as visible for VRO42.05.01 (lower plots of Fig. 3 ) since the compact source flux is much weaker relative to the SNR emission compared to OA184.
Next, the SNRs are subdivided into smaller areas, labeled A to H in the left panels of Fig. 1 , to search for spatial variations in spectral index. Table 2 lists the results for three cases of analysis: including compact sources, subtracting compact sources, and removing compact sources. There is not a large difference in results between the compact sources subtracted and compact sources removed methods. The largest difference is for area B:
here there is a 0.7σ difference between the two methods. Visual inspection of the T-T plots shows that the third method produces the most reliable results, as it did for the entire SNR. The compact sources' influence on the spectral index calculation is obvious in the T-T plots. From now on we discuss spectral indices derived with compact sources removed, unless specified otherwise.
Integrated Flux Densities and Spectral Indices
We have derived integrated flux densities for OA184 and VRO42.05.01 from the 408 MHz and 1420 MHz maps. Values given have diffuse background subtracted. The resulting 408 Table 4 ): 2.2 Jy of the difference is due to compact sources the other 2.6 Jy is due to the ridge (see next paragraph).
We measure the brightness temperatures of the ridge: ≃2.6 K at 408 MHz, ≃0.12 K at 1420 MHz, and ≃0.02K in the Effelsberg 2695 MHz map. The brightness temperatures give the ridge spectral index α ≃0.5 (408 -1420 MHz), α ≃0.6 (1420-2695 MHz) and α ≃0.8 (408 -2695 MHz). The ridge emission region has steeper radio spectrum than the SNR so it contributes more flux to OA184 at low frequencies than at high frequencies.
The ridge fluxes at different frequencies are calculated using the flux at 408 MHz and spectral index of α=0.5-0.8. The ridge region flux is 9-17 Jy at 38 MHz, 5-8 Jy at 102
MHz and 1.9-2.1 Jy at 610 MHz.
Thus we have recalculated the flux values of OA184: at 38 MHz, 102 MHz and 610
MHz we subtract the ridge flux and compact source flux; at 2695 MHz we only subtract the compact source flux. For 408 and 1420 MHz the values in Table 4 already have compact source flux removed and there is no confusion with the ridge. For VRO42.05.01, only the compact source flux corrections are needed at 38, 83, 610 and 2700 MHz. We note that Landecker (1982) believe that the flux at 2700 MHz from Willis (1973) is overestimated. Thus we obtain a new flux value from the Effelsberg 2695 MHz image: 4.6±0.2 Jy and use this instead. We fit the resulting flux values with a power-law to obtain spectral index. Figure 3 shows the corrected fluxes and the best-fit power-law. OA184 has a best fit spectral index of α=0.32±0.06, χ 2 =2.3, when we use a ridge spectral index of 0.8 or α=0.34±0.06, χ 2 =4.2, when we use a ridge spectral index of 0.5. If we omit the most uncertain fluxes of OA184 at the two lowest frequencies, the best-fit spectral index is 0.28±0.06, χ 2 =0.4 ( α ridge =0.5 or 0.8). VRO42.05.01 has a best-fit spectral index of 0.32±0.05, χ 2 =2.3.
Discussion
OA184
Low spatial resolution observations of OA184 included the flux from the ridge west of OA184 as part of OA184. The ridge spectral index of 0.5 to 0.8 is derived from the fluxes in our 408 and 1420 MHz maps and in the 2695 Effelsberg map. The ridge contributes ≃1/3 of the flux from OA184 in the low frequency maps. OA184 also has a significant contribution from compact sources within its boundary. At 408 MHz it is 21% and at 1420
MHz it is 12% (Table 3) . At lower frequencies the contribution is higher: e.g at 38 MHz it is ≃17% of the total of ≃30% of the OA184 flux. Thus both compact source and ridge emission corrections are necessary to study the radio spectrum of OA184. The resulting multi-frequency spectral index is 0.32±0.06. This is consistent with the 408 MHz -1420 MHz spectral index derived using an entire SNR T-T plot method (α = 0.23 ± 0.06) or using integrated fluxes (α = 0.25 ± 0.03).
OA184 was split into smaller regions: A (east), B (northwest rim), and C (southwest rim, see Fig. 1 ) to look for spectral index variations. The northwest rim (B in Table 2) was found to have a marginally smaller spectral index (by 1.5 σ) than whole SNR spectral index. Since OA184 is an old remnant (Leahy and Marshall 1988) , the shock has slowed down to a mach number of only a few. Where the shock collides with a cooler denser ISM, the mach number will increase resulting in a flatter electron spectrum and spectral index, as well as a brightening. Both are observed at the northwest rim. However, as discussed in Leahy and Roger (1998) , the effect of mach number on spectral index is only effective for α > 0.5 for linear shock acceleration theory. Non-linear effects in shock acceleration are poorly understood but can reduce spectral index. The variable spectral index with α < 0.5 could be due to non-linear effects, absorption or an admixture of thermal radiation which is flattening the spectrum. The pre-shock density of OA184 was derived by Leahy and Marshall (1988) as 0.2 cm −3 . This low value and the lack of a low-frequency turnover in the radio spectrum rule out absorption effects, which have a strong effect on the low-frequency radio spectrum (Leahy and Roger 1998) .
VRO42.05.01
Compact sources only contribute a few percent to the flux of VRO42.05.01 at all frequencies. The mean spectral index of VRO42.05.01 is 0.36 (Table 3 ). Yet there are spectral index variations detected with this SNR detected at high significance. Evidence for this is already seen in Fig. 3 , lower panels, where several lines of points of different slopes are seen. For the five subregions (D through H, see Fig. 1 ), the T-T plots have single lines of points with well determined slopes (except region E), as given in Table 2 This spatial variation of spectral index is consistent with the flux vs. frequency plot.
The flux values (Fig. 4, right) are adequately fit by a single power law with α=0.32, yet it is fit slightly better by a sum of two power laws with spectral indices taken from the subregions: α=0.31 (from D) and α=0.47 (from F, G and H). The possible causes for variable α < 0.5 are the same as listed for OA184. For VRO42.05.01, the pre-explosion density is best determined by X-ray observations and is low-0.01 to 0.002 cm −3 (Burrows and Guo 1994) . This and lack of low-frequency turnover in the radio spectrum rule out absorption mechanisms. Also, the fact that the shell and wing regions have different mach numbers and different values of α is very suggestive that the spectral index changes are due to difference in mach number. To get the spectral indices below 0.5 requires also nonlinear shock effects. Further theoretical studies on shock acceleration are worthwhile.
Conclusion
We present new images of the SNRs OA184 and VRO42.05.01 at 408 MHz and 1420
MHz from the CGPS data sets The SNRs' flux densities at both 408 MHz and 1420 MHz are found and corrected for flux from compact sources within the SNRs. The resulting integrated flux-density based spectral index is 0.36±0.06 for VRO42.05.01. This agrees with the T-T plot spectral index of 0.36±0.03 and with the 38 MHz to 2695 MHz spectral index of 0.32±.05 from published fluxes corrected for point sources. We find that the shell region of VRO42.05.01 has α=0.3 and that the wing region has α = 0.47.
For OA184, the integrated flux-density based spectral index, 0.25±0.03, agrees with the T-T plot spectral index, 0.23±0.06. However, these are smaller than previously published values. A new ridge emission region is detected just west of OA184, which was included in lower resolution maps as part of OA184. Subtracting the ridge and compact source contributions yields a spectral index of 0.32±0.06 (for fluxes from 38 MHz to 2695 MHz) or 0.28±0.06 (for fluxes from 408 MHz to 2695 MHz). These are now consistent with our 408-1420 MHz spectral indices. Spatial variations of spectral index are found in OA184: ∼ 0.1 for the bright northwest edge and ∼ 0.3 for the rest of the SNR.
